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The sympathetic nervous system plays a crucial role in the regulation of physiological homeostasis under basal conditions and in response to acute and chronic stressors. Sympathetic dysregulation is considered a hallmark of both HF and aging (18, 43, 55) , although, as discussed by Kaye and Esler (18) , the regional pattern of basal sympathetic activation differs in humans with healthy aging and in human congestive HF patients. Renal sympathetic nerve outflow (as estimated using norepinephrine kinetic analyses) is increased in HF but not aging, splanchnic and hepatic sympathetic nerve outflows are increased in aging but not HF, and epinephrine secretion is reduced with aging but remains unchanged or marginally elevated in HF (18) . Differentiation in regulation of regional sympathetic nerve outflow in human subjects suggests diversity in mechanisms controlling basal sympathetic nerve discharge (SND) in the aging and HF syndromes. However, little information is known regarding SND regulation to acute stress in aged subjects with HF. In the absence of specific studies involving aged HF (A HF ) rats, information aimed at understanding the effects of HF on mechanisms mediating SND responses to acute stress has been extrapolated from studies using young HF (Y HF ) rats, a glaring omission based on the combined impact of the aging population and the age-related distribution of HF.
Hyperthermia is an environmental stressor that produces marked changes in the level of SND in young subjects. Acute heating increases muscle SND in conscious humans (4, 39) , splanchnic SND in conscious rats (32) , and renal, splanchnic, splenic, and lumbar SND in anesthetized rats (10, 12, 20, 21, (23) (24) (25) . Visceral SND responses to hyperthermia are reduced in aged compared with young Fischer (F344) rats (24) , and renal SND responses to hyperthermia are attenuated in Y HF compared with young sham HF (Y SHAM ) rats (25) , demonstrating that individually both advanced age and HF substantially modulate sympathetic nervous system regulation to acute heating. However, not a single study has determined SND responses to acute heat stress in A HF rats. We previously hypothesized that the attenuated SND responses to acute heating in aged rats and in Y HF rats may be a function of an altered neural strategy that actively suppresses SND in response to increased internal body temperature (Tc) (24, 25) . Therefore, we suspected that mechanisms mediating the attenuated SND responsivity to acute heating may be additive when aging and HF are combined, providing the basis for predicting that progressive hyperthermia would produce marked reductions in SND and mean arterial blood pressure (MAP) in A HF compared with aged sham HF (A SHAM ) rats, and in A HF compared with Y HF rats.
In the present study, renal and splenic SND responses to hyperthermia were determined in Y HF , Y SHAM , A HF , and A SHAM rats before and during progressive hyperthermia that increased Tc from 38.0 to 41.5°C. HF was induced by myocardial infarction and documented using a combination of transthoracic echocardiographic, invasive, and postmortem measures.
METHODS
The experimental procedures and protocols used in the present investigation were performed in accordance with the American Physiological Society's guiding principles for research involving animals and approved by the Institutional Animal Care and Use Committee at Kansas State University.
Surgically induced myocardial infarction. Young (5-6 mo old) and aged (24 -25 mo) male F344 rats were anesthetized with isoflurane (induction, 5%; maintenance, 2.0 -3.0%), intubated, and connected to a rodent respirator. After a left side thoracotomy between the 5th and 6th ribs, the pericardial sac was opened, the heart was exteriorized, and the left main coronary artery was ligated between the pulmonary artery and the left atrium (7, 25, 36) . Sham operations were completed using the same surgical procedures with the exception that the coronary artery was not ligated. The lungs were hyperinflated, the ribs were approximated, and the thoracotomy was closed using surgical suture. The skin incision was closed, and topically administered antibacterial and analgesic agents were applied. Anesthesia was withdrawn, and the animals were extubated. Each rat received ampicillin (25 mg/kg sc) one time per day for 10 days. Experiments were initiated 5-7 wk after the myocardial infarction (or sham) procedure.
Assessment of cardiac function. Transthoracic echocardiography under isoflurane (1.5-2.5%) anesthesia was performed with the sonographer blinded to the group (myocardial infarcted or sham, young, or aged). Rats were placed in left lateral recumbency, and studies were performed from the right parasternal location. A Vivid 7 Dimension Cardiovascular Ultrasound System BT '06 (GE Healthcare, Milwaukee, WI) equipped with a 13-MHz linear array transducer was used for image acquisition. Echocardiographic data were collected simultaneously with single-lead ECG, and images were digitally stored. A minimum of seven consecutive heart cycles was stored for each view. Measurements are reported as the average of three to five heart cycles. Only measurements obtained from sinus beats were considered for further analyses. Real-time, gray-scale two-dimensional (2D) cineloops were generated from short-axis views at the level of the papillary muscles, mitral valve, and aortic root. From the same views, M-mode tracings were also obtained with direct 2D guidance. From these views, the following 2D and M-mode parameters were measured: left ventricular (LV) internal diameter in diastole (LVIDd), LV internal diameter in systole (LVIDs), left atrial diameter (LA), and aortic root diameter (Ao), from which the LAto-Ao ratio was calculated. 2D and M-mode fractional shortening (FS) were also calculated. 2D images were also obtained from the right parasternal long-axis four-chamber view and the right parasternal long-axis five-chamber view. From these images, color-Doppler interrogation of the mitral and aortic valve was performed.
After collection of echocardiographic data, rats were maintained on isoflurane anesthesia and supplemented with ␣-chloralose (80 mg/kg ip) and urethane (800 mg/kg ip) anesthesia. The right carotid artery was isolated and cannulated with a 2-Fr Millar catheter-tip pressure manometer, and the micromanometer was advanced in the left ventricle in a retrograde fashion for measuring left ventricular end diastolic pressure (LVEDP) (7, 25) .
General procedures and sympathetic nerve recordings. Following the measurement of LVEDP, the 2-Fr Millar catheter was replaced with a cannula for monitoring carotid arterial pressure. A cannula was placed in the femoral vein for the intravenous administration of maintenance doses of ␣-chloralose (35-45 mg·kg Ϫ1 ·h Ϫ1 ). Maintenance doses of urethane (200 mg/kg every 4 h) were administered intraperitoneally. Carotid arterial pressure was monitored using a pressure transducer connected to a blood pressure analyzer. Heart rate (HR) was derived from the pulsatile arterial pressure output of the blood pressure analyzer. The trachea was cannulated; rats were paralyzed with gallamine triethiodide (5-10 mg/kg iv, initial dose; 10 -15 mg·kg Ϫ1 ·h Ϫ1 , maintenance dose) and artificially ventilated; and isoflurane anesthesia was withdrawn. Tc was measured with a thermistor probe inserted ϳ5-6 cm in the colon and was kept at 38.0°C during surgery by a temperature-controlled table.
SND was recorded biphasically with a platinum bipolar electrode after capacity-coupled preamplification (bandpass 30 -3,000 Hz) from the central end of cut or distally crushed renal and splenic sympathetic nerves (12) . Nerves were isolated retroperitoneally, and nerve-electrode preparations were covered with silicone gel. Sympathetic nerve potentials were full wave rectified and integrated (time constant 10 ms). Total power in splenic SND and renal SND was quantified as volts times seconds, and SND recordings were corrected for background noise after administration of the ganglionic blocker chlorisondamine (5 mg/kg iv) (12) .
The adequacy of anesthesia during the myocardial infarction, transthoracic echocardiographic, and initial surgical (arterial and venous cannulations, establishment of SND recordings) procedures was indicated by the absence of a withdrawal reflex in response to mechanical stimulation of the tail or hind limb. The adequacy of anesthesia after the establishment of SND recordings and following initiation of neuromuscular blockade was indicated by an inability of mechanical stimulation of the hind limb or tail to increase SND or MAP.
Experimental protocol. After completion of surgical procedures, rats were allowed to stabilize for 60 min. Tc was maintained at 38°C during the stabilization period. At the end of this period, Tc was increased at a rate of 0.08 -0.09°C/min from 38.0 to 41.5°C using a heat lamp. Heating experiments were completed on 16 Y SHAM, 11 Y HF, 10 ASHAM, and 11 AHF rats. Six YHF, three ASHAM, and two A HF rats died either before initiation of the acute heating protocol or during progressive heating and were not included in data analyses. SND (renal and splenic), MAP, and HR were recorded continuously before and during progressive increases in Tc.
Postmortem data. At the conclusion of each experiment, rats were given an overdose of methohexital sodium (Brevital, 150 mg/kg iv). The thorax was opened, and placement of the carotid artery catheter in the aortic arch was confirmed. The lungs were excised and weighed. The heart was removed, the right ventricle was separated from the left ventricle and septum, and both tissues were weighed. To determine left ventricle infarct size, an incision was made through the interventricular septum, from the base to the apex of the left ventricle, and a digital photograph of the endocardium was taken (9) . The image was printed, and endocardial infarct surface area was determined by planimetry (9) .
Data and statistical analyses. Congestive HF was identified using a combination of echocardiographic, invasive, and postmortem data. Echocardiographic indexes included LV dyskinesia/hypokinesia/akinesia (LVIDs), atrial enlargement, LV eccentric hypertrophy (increased LVIDd), and changes in LV FS. Left atrial enlargement was defined as an LA/Ao ratio of Ͼ1.7. This relatively strict criterion was adopted to optimize the specificity (i.e., low false positives) in the identification of congestive HF. Obviously, this criterion has intrinsic limitations in terms of sensitivity (i.e., low false negatives), but, for the purpose of this study, a higher specificity would give better internal validity to the data. LV dysfunction was documented by measurement of LVEDP, lung congestion was estimated based on changes in the lung weight-to-body weight ratio (LW/BW), and right ventricular hypertrophy was indicated by examining the right ventricle weight-to-body weight ratio (RV/BW). Left ventricle endocardial infarct surface area was expressed as the percentage of the left ventricle endocardial circumference.
ANOVA techniques followed by Student-Newman-Keuls post hoc tests were performed on SND, MAP, HR, FS, LA/Ao ratio, LVIDd, LVIDs, LVEDP, LW/BW, and RV/BW data. Responses were compared within groups of rats of similar ages with and without HF and between groups of rats of different ages with and without HF. The overall level of significance was set at P Ͻ 0.05.
RESULTS

Indexes of HF.
Transthoracic echocardiographic procedures were completed on 10 Y SHAM , 11 Y HF , 7 A SHAM , and 8 A HF rats, and variable degrees of LV dyskinesia, hypokinesia, or akinesia were identified in all Y HF and A HF rats. LV FS at the level of the apical portion of the papillary muscles from the right parasternal short-axis view was significantly reduced in Y HF compared with Y SHAM rats and in A HF compared with A SHAM rats (Fig. 1A) . Left atrial dimensions, reported as the LA/Ao ratio, were significantly increased in Y HF compared with Y SHAM rats, A HF compared with A SHAM rats, and A HF compared with Y HF rats (Fig. 1B) . LVIDd and LVIDs were significantly increased in Y HF and A HF rats compared with Y SHAM and A SHAM rats, respectively (Fig. 1, C and D) .
Invasive (LVEDP) and/or postmortem (RV/BW and LW/BW ratios) data were obtained on 16 Y SHAM , 11 Y HF , 10 A SHAM , and 11 A HF rats. LVEDP ( Fig. 2A) D) ] from young sham heart failure (YSHAM), young heart failure (YHF), aged sham heart failure (ASHAM), and aged heart failure (AHF) rats. P Ͻ 0.05 vs. age-matched sham groups (*) and vs. young condition-matched groups ( †). experimental group. Heating-induced increases in HR were significantly higher in Y SHAM compared with both Y HF and A SHAM rats. In contrast, HR responses to heating did not differ in A HF compared with A SHAM rats, or in A HF compared with Y HF rats. Figure 4 shows traces of simultaneously recorded renal and splenic SND bursts and pulsatile arterial blood pressure during control (38°C; Fig. 4 , left) and after increasing Tc to 41.0°C (Fig. 4, right) in representative Y SHAM , Y HF , A SHAM , and A HF rats. Levels of MAP recorded during each period are shown below the pulsatile arterial blood pressure traces. During control, the majority of renal and splenic SND bursts was coupled to the arterial pulse in both HF and sham HF rats, regardless of age. After increasing Tc to 41°C, the SND bursting pattern in the Y SHAM rat was transformed to a pattern dominated by the presence of high-amplitude, low-frequency bursts. In contrast, the sympathetic nerve signals recorded at 41°C in the Y HF , A SHAM , and A HF rats were not dominated by the uniform presence of high-amplitude, low-frequency bursts, rather, they were characterized by a mixture of cardiac-related and lowfrequency bursts (Y HF and A HF rats) or the presence of mainly cardiac-related bursts (A SHAM rat). MAP was increased from control levels during heating in each experiment shown in Fig.  4 . SND pattern transformation during heating is considered the signature of an activated sympathetic state because the cardiacrelated rhythmicity of SND bursts is reduced at a time when arterial blood pressure is increased (21), a stimulus that would be expected to enhance the coupling of SND bursts to the arterial pulse. Therefore, heating-induced changes in the SND bursting pattern from cardiac-related to low-frequency bursts was examined in experiments only in which MAP was at or above control values after Tc had been increased to 41°C. This included 14 Y SHAM , 6 Y HF , 5 A SHAM , and 6 A HF rats. The SND bursting pattern during heating was dominated by the presence of low-frequency, high-amplitude bursts in 13 Y SHAM rats and contained a mixture of cardiac-related and low-frequency bursts in one Y SHAM rat. In contrast, the presence of a marked heating-induced SND activation state was observed much less frequently in Y HF , A SHAM , and A HF rats. Specifically, the SND bursting pattern during heating was characterized by the presence of uniform low-frequency, high-amplitude bursts in only 1/6 Y HF , 0/5 A SHAM , and 1/6 A HF rats, whereas the SND bursting pattern contained a mixture of cardiac-related and low-frequency bursts in 3/6 Y HF , 2/5 A SHAM , and 2/6 A HF rats and maintained a signal dominated by the presence of cardiacrelated bursts in 2/6 Y HF , 3/5 A SHAM , and 3/6 A HF rats.
DISCUSSION
Because relevant data are lacking, an evidence-based approach to understanding sympathetic regulation to acute stress in aged rats with HF has not been available. The present study is the first to determine the effect of combined aging and HF on SND regulation to acute heat stress in F344 rats. As expected (24, 25) , SND and cardiovascular responses to progressive hyperthermia were significantly attenuated in A SHAM compared with Y SHAM rats, indicating that aging alters SND regulation to heat stress, and in Y HF compared with Y SHAM rats, demonstrating a marked effect of HF on sympathetic neural and cardiovascular regulation to hyperthermia in young rats. However, and contrary to our hypothesis, A HF and A SHAM rats demonstrated similar SND (renal and splenic), arterial blood pressure, and HR responses to heating, suggesting a prominent influence of age and not HF on sympathetic nervous system and cardiovascular responsiveness to progressive hyperthermia in older rats. The responsivity of renal SND to Values are means Ϯ SE; n, no. of rats. YSHAM and ASHAM, young and aged rats without heart failure (HF), respectively; YHF and AHF, young and aged rats with HF, respectively; MAP, mean arterial pressure; HR, heart rate. P Ͻ 0.05, HF vs. age-matched sham groups (*) and aged vs. young condition-matched groups ( †). heating was reduced in A HF compared with Y HF rats; however, splenic SND and cardiovascular responses to increased Tc were similar in Y HF , A HF , and A SHAM rats, suggesting that the imposition of HF in young rats changes the regulatory status of these variables during heating to one consistent with that observed in A SHAM and A HF rats.
We have previously reported diminished SND responses to heating in aged rats (24) and in Y HF rats (25) , demonstrating that individually both aging and HF alter SND regulation to acute heat stress. We hypothesized that the attenuated SND responses to acute heating in these animals may be a function of an altered neural strategy that actively suppresses SND responses to increased Tc (24, 25) . We suspected that mechanisms mediating the attenuated SND responsivity to acute heating may be additive when aging and HF are combined, leading to profound reductions in SND and arterial blood pressure during progressive hyperthermia in A HF rats. This was not the case under the current experimental conditions, since SND (renal and splenic) and cardiovascular responses to progressive heating were similar in A SHAM and A HF rats. One possible explanation is that A SHAM and A HF rats demonstrate similar cardiac phenotypes; however, echocardiographic (FS, LA/Ao ratio, LVIDd, and LVIDs), invasive (LVEDP), and postmortem (RV/BW and LW/BW ratios) indexes of HF differed significantly in A HF compared with A SHAM rats, indicating that the aged rats who received a surgically induced myocardial infarction were in HF.
HF-induced changes in the majority of echocardiographic (FS, LVIDd, LVIDs), invasive (LVEDP), and postmortem (LW/BW ratio) parameters were similar in Y HF and A HF rats, suggesting an equivalent severity of HF in the aged and young animals. However, the influence of HF on SND and cardiovascular regulation to acute heating was strongly age-dependent. Splenic SND and cardiovascular responses to progressive hyperthermia were similar in Y HF , A HF , and A SHAM rats, indicating that, from a regulatory perspective, HF effectively transformed young rats to aged rats with regard to these variables. In contrast, the imposition of HF in aged rats did not alter SND and cardiovascular changes to heating, since A HF and A SHAM rats demonstrated similar responses. These findings provide experimental support for two important considerations. First, most if not all studies in rats demonstrating HF-induced alterations in sympathetic nerve outflow (direct SND recordings) have used Y HF rats as the model of choice, despite the fact that the majority of HF patients are aged. The current results provide a degree of experimental validation for this approach because splenic SND and cardiovascular responses to progressive hyperthermia were similar in Y HF and A HF rats. However, the responsivity of renal SND to heating was reduced in A HF compared with Y HF rats, indicating that HF-related changes in SND regulation to progressive hyperthermia in young rats may be nerve specific. Second, the fact that A HF and A SHAM rats demonstrated similar SND and cardiovascular responses to acute heating suggests that aging, and not HF, plays a critical regulatory role in response to this stimulus. Mechanisms mediating this profound effect of aging on SND regulation to heat stress remain to be determined. Although a role for age-related changes in SND regulation has been considered (8, 15, 16, 49) , studies have not been completed in a thorough manner. In fact, so few investigations have utilized central neural microinjection techniques along with peripheral SND recordings in aged animals that it is difficult to develop an evidence-based framework regarding the effects of age on central SND regulation.
Heating-induced activation of visceral SND plays a critical role in mediating cardiovascular responses to hyperthermia in young mammals. Kregel and Gisolfi (31) reported that celiac ganglionectomy abolished increases in mesenteric resistance to progressive hyperthermia, and loss of splanchnic vasoconstriction adversely affects cardiovascular responses to heat stroke. Kenney et al. (21) reported that blockade of autonomic ganglionic neural transmission at peak hyperthermia reduces arterial blood pressure to values less than those produced by ganglionic blockade under normothermic conditions, suggesting that activation of sympathetic nerve outflow is important for counteracting vasodilatory influences during hyperthermia. In the current study, arterial blood pressure responses to acute heating were significantly lower in Y HF , A HF , and A SHAM rats compared with Y SHAM rats, suggesting an important functional consequence for the diminished SND responses to heating in Y HF , A HF , and A SHAM rats.
One possible contributing factor to the altered sympathetic neural and arterial blood pressure responses to heat stress in Y HF , A HF , and A SHAM rats is that these animals may not be able to activate thermoregulatory responses, possibly secondary to a stimulus deficit. This is unlikely, since renal SND, splenic SND, and HR were progressively and significantly increased from control levels during heating in Y HF , A HF , and A SHAM rats, demonstrating that these animals are capable of activating thermoregulatory effectors in response to acute heat- ing. In the present study, basal levels of HR were significantly reduced in Y HF compared with Y SHAM rats and in A HF compared with A SHAM rats, indicating that, under the current experimental conditions, HF produced basal bradycardia. These results are consistent with those of Behnke et al. (3) who reported significant reductions in basal HR in young and aged HF rats compared with young and aged sham HF rats. However, the results of several studies indicate that basal HR is significantly increased or tends to be higher in Y HF compared with Y SHAM rats (35, 50, 54) , whereas other studies have reported similar levels of basal HR in Y HF compared with Y SHAM rats (25, 28, 51, 52) . Thus it appears that a substantial amount of variability exists in the published literature concerning the effect of HF on regulation of basal HR in studies using rats as an experimental model.
The absolute level of activity recorded in multifiber SND preparations is influenced by several experimental factors, including the use of bipolar recording techniques, the proximity of the recording electrodes to active nerve fibers, the number of active nerve fibers, and specific recording conditions. Because of these methodological considerations, the interpretation of the absolute level of SND is problematic; therefore, SND responsiveness is typically reported as percent change from baseline for each experimental animal, which raises concern when comparing SND responses between groups of animals. With this in mind, it must be considered that the attenuated responsiveness of SND to hyperthermia in Y HF , A HF , and A SHAM rats may be in part due to a ceiling effect, that is, levels of SND recorded at peak hyperthermia in these animals may represent the physiological maximum. This is likely not the case because application of a short bout of asphyxia (10 -15 s) in our previous investigations (Y SHAM rats, middle-aged rats, A SHAM rats, and Y HF rats) (24) and in select experiments in the current study (Y SHAM , Y HF , A HF , and A SHAM rats, data not shown) produces, without exception, additional activation of SND above levels recorded at peak hyperthermia. However, additional sympathoexcitation in response to asphyxia does not eliminate the possibility of a SND ceiling effect to hyperthermia, that is, maximum levels of sympathetic excitation may be stimulus specific. In addition to changes in the level of activity, central sympathetic neural circuits are capable of generating a complex array of output patterns (2) , and the SND bursting pattern is altered in response to a variety of experimental interventions (19 -22, 24, 29, 30) . We have previously reported that SND pattern transformation from cardiac-related to low-frequency bursts is a consistent feature of SND responses to acute heating in young but not aged rats (24) and is considered the signature of an activated sympathetic state. The heating-induced low-frequency bursts contain more activity than cardiac-related bursts, establishing pattern transformation as an important strategy for increasing the level of sympathetic nerve outflow (21) . In the current study, the SND bursting pattern during heating in the Y HF , A HF , and A SHAM rats was less likely to be transformed to a signal dominated by low-frequency bursts than in the Y SHAM rats. These data support the hypothesis that HF and aging alter the response characteristics of sympathetic neural circuits during increased Tc.
Transthoracic echocardiography is a widely available noninvasive technology that allows for the anatomic and functional evaluation of the cardiovascular apparatus in the clinical and research arena. The adoption of a high-frequency transducer makes this diagnostic technique applicable to small mammals with optimal feasibility. The linear transducer used in this study allowed us to obtain good-quality short-axis views from the right parasternal location. However, as a consequence of the relatively long footprint, right parasternal long-axis images and left apical images were not consistently of diagnostic quality; therefore, results from those insonating planes, in particular LV ejection fraction, were not included in the final analysis.
Despite the fact that left ventricle endocardial infarct surface area was reduced in A HF compared with Y HF rats, the present data suggest an equivalent severity of HF in the aged and young animals because HF-induced changes in the majority of echocardiographic, invasive, and postmortem parameters were similar in Y HF and A HF rats. These observations indicate that a composite of anatomical and functional variables must be considered when determining the pathophysiological status of HF rats. The sympathetic nervous system is capable of producing selective changes in efferent SND directed to specific target organs; therefore, the present findings are applicable to renal and splenic SND only. The present results provide insight regarding SND regulation to a specific experimental intervention (whole body heating) using an in vivo, anesthetized preparation; therefore, they cannot be directly applied to other interventions or experimental preparations. Anesthesia can affect basal levels of sympathetic nerve activity (44) and alter SND responses to various stimuli (38, 40) ; therefore, it must be considered that the present findings may be influenced by the anesthetic state. However, despite this potential limitation, we chose to complete the current study using anesthetized rats for the following reasons. SND responses to heat stress are similar in conscious and anesthetized preparations, since acute heating increases SND in conscious humans (4, 39) , conscious rats (32) , and young, anesthetized rats (10, 12, 20, 21, (23) (24) (25) , whereas SND remains unchanged during acute heating in conscious (45) and anesthetized (24) aged F344 rats. Because acute heating in young rats increases the level of activity in sympathetic nerves innervating diverse targets, it was important in the current study to record the discharges in regionally selective nerves. The simultaneous recording of discharges in multiple sympathetic nerves is a methodology that, at least in our hands, is typically completed in anesthetized preparations. Finally, physiological responses to acute heating can be influenced by behavior modifications; therefore, we chose to study SND regulation to heating in anesthetized rats to eliminate this influence.
Although mechanisms mediating the marked suppression of SND and cardiovascular responses to heating in Y HF , A HF , and A SHAM rats remain to be determined, one central neural site that may contribute is the rostral ventral lateral medulla (RVLM). The RVLM plays a critical role in basal and reflex regulation of SND (1, 5, 6, 34, 46 -48) , and it is well established that regulation of SND involves a complex balance between RVLM excitatory and inhibitory systems (5, 6, 11, 14, 27, 42) . Recently, we demonstrated that a substantial amount of the sympathetic activation during peak hyperthermia in young rats is dependent on the integrity of RVLM neural circuits (12) . SND activation in response to progressive hyperthermia likely involves multiple receptor systems that interact in a dynamic and coordinated manner to augment RVLM synaptic excitation and attenuate synaptic inhibition. It may be that the imposition of HF in young rats as well as advanced age (with and without HF) shift the balance of RVLM regulation during heating to a state characterized by enhanced synaptic inhibition and reduced synaptic excitation.
Perspectives and Significance
The acute responsivity of the sympathetic nervous system is considered a hallmark of physiological responses to acute physical stress. Increasing the level of activity in sympathetic nerves innervating visceral organs and changing the pattern of SND bursts are primary strategies used by healthy, young rats to respond to heat stress (20, 21, (23) (24) (25) (26) . However, SND responses to hyperthermia are attenuated in aged compared with young F344 rats (24) and in Y HF compared with Y SHAM rats (25) , demonstrating that individually both advanced age and HF affect sympathetic nervous system responsivity to acute heating. However, a dearth of information exists regarding SND regulation to acute heating in aged subjects with HF, despite the high prevalence of HF in aged individuals. The present results suggest a marked attenuation in the responsiveness of selected SND and cardiovascular indexes to heating in Y HF , A HF , and A SHAM rats and support the notion that HFinduced effects on SND regulatory strategies to progressive hyperthermia are age-dependent. Because the incidence of many chronic disease states increases with age (43), the present results encourage the use of aged animals in studies aimed at determining the effect of specific pathophysiological syndromes/conditions on sympathetic nervous system regulation.
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